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Abstract: As the terrestrial realms of the Arctic thaw with climate change, relative southern vector
organisms such as ticks and mosquitoes may respond to the resulting landscape transitions by
migrating northwards and transmit infectious diseases onto humans and animals of the far North.
Expanding climate sensitive infections (CSI’s) constitute a serious global threat. To identify CSI’s,
data concerning a selection of human and animal infections were procured from national health
reporting systems to cover the current thirty-year climate reference period from western Greenland
to the pacific coast of Russia, from approximately 55 to 80 degrees north. The diseases chosen to
represent different transmission processes, as via vectors or via water, air, and soil, were borreliosis,
brucellosis, cryptosporidiosis, leptospirosis, Puumala haemorrhagic fever, Q-fever, tick-borne
encephalitis, and tularaemia. Inferential results indicate that 88% of these infections are changing
systematically with respect to incidence levels and/or geographic distribution, and that they therefore
should be considered as being potentially climate sensitive. It may hence be concluded that many
northern societies are due to potentially changing CSI exposure. In addition, for each of the selected
infections, the geographic distribution of their respective thirty-year average incidences was used to
define “diseases climates” for future reference. Incompatibles across national health reporting
systems are constraining the possibilities to infer international epidemiological trends.

Keywords: climate-change effects on the epidemiology of human infectious diseases of the North

1. Introduction

As the terrestrial realms of the far North thaw with climate change, relatively cold landscapes
transform into warmer biomes (IPCC, 2000; 2014; 2018). The latest IPCC publications state that the
warming is occurring up to three times faster in the Arctic as compared with other parts of the world,
while other recent publications state the Arctic rate of warming to be as much as four times faster
(IPCC, 2021; IPCC, 2022; Rantanen et al., 2022). With the Russian Arctic totally dominating the tundra
biomes of the Eurasian continent, the Siberian CSI response to warming is essential in the wider
Eurasian health context. In the study of holistically integrated health effects related to climate change,
that encompasses the broader environment whereupon humans, animals and other organisms
depend alike, the OneHealth approach has become a vital paradigm (WHO 1984; Asokan et al., 2013;
Bonebrake et al., 2018; Abass et al., 2019).

With “warming” perceived as being a geographic translation of biomes along regional climate
gradients, it may be anticipated that the organism populations that inhabit these biomes migrate with
climate change. It has been found through meta-analyses that, on average, terrestrial taxa move pole-
ward by 17 km per decade and marine taxa by 72 km per decade. Globally, terrestrial species on
mountainsides are moving to higher latitudes and some fish towards deeper parts of the oceans
(Chen et al., 2011; Sorte et al., 2010; Polozcanska et al., 2013). As novel organisms are introduced into
new geographic areas, they may carry pathogens into recipient populations that are immunologically
naive by terms of their ability to meet the associated infections. At least 70% of today’s emerging
infections are zoonotic, e.g. introduced to humans by animals (Jones et al., 2008; Taylor et al., 2001).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.2465.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2025 d0i:10.20944/preprints202505.2465.v1

2 of 47

In addition, long-time buried pathogens may re-occur when uncovered by extreme events such as
regional summer-thawing of permafrost, flooding, landslides, and other climate-related incidents
(Alempic et al., 2023).

One particular group of migratory organisms, that hold a potential of severely threatening
northern human infrastructures, are the vector and reservoir organisms that transmit infectious
diseases, particularly if introduced into immunologically naive populations. Examples of such
organisms are the ticks, mosquitoes, and rodents that carry infectious diseases onto humans and their
husbandry animals (US Institute of Medicine, 2008; Palmer et al., 2011; Waits et al., 2018). With many
northern cultures being holistically dependent on the welfare of their husbandry animals, where the
status of the family flock traditionally may represent their savings, inheritance, societal status, etc.,
climate-change effects with the potential of changing the exposure of husbandry animals towards
infectious diseases may strike at the heart of northern cultures. With such effects adding to effects of
direct human exposure (Sustainable Development Working Group 2017; 2017-2019), as well as to
other types of climate-change effects such as having reindeer winter-pastures blocked by the icy
snow-pack strata introduced with an increasing frequency of mid-winter thawing episodes (Riseth
et al., 2011), the cumulative effects constitute the holistic approach to health called OneHealth
(Evengard & McMichael, 2011; WHO, 2017; Mackenzie & Jeggo, 2019; Orlov et al., 2020; Andersen-
Ranberg et al., 2024). The present study is devoted to inquiring into the OneHealth effects of a
warming North.

2. Objectives

At the population scale, CSIs” have a (temporally varying) mass, a density, and a geographic
distribution. Since the probability of successfully defeating any CSI population basically is a function
of its total population mass (Daley et al., 2005), the potential expansion of CSI populations is a climate-
change effect of serious global concern. This particularly applies to Siberia, which is largely
unobserved and capable of providing CSI expansion-territory enough for a red-alert global warning.
Yet, there have been few broad compilations of diseases data made across national borders,
particularly in the case of animal diseases (Omazic et al., 2019a). One reason for this is that empirical
report systems, that have been an important part of national health strategies for centuries, differ
substantially by design and administration when compared across nations. Although international
homogenisation of national health report systems is promoted within the European Union (ECDC,
2008; European Commission Recommendation, 2019), the contrast with otherwise excellent Russian
report systems (Malkhazova et al., 2017) is striking. These incompatibilities constrain the possibilities
of overlooking the international CSI scenario, and of procuring empirically reported diseases data
across nations. There is hence an urgent need for international standardisation of diseases report
systems (Omazic et al., 2019b), in support of seamless administration across human and animal
diseases data, and of repositories wherefrom such combined data may become internationally
disseminated.

CSI OneHealth effects of the North are typically stratified with respect to factors such as gender,
age, and societal status (AHDR, 2004; 2007; Rasmussen, 2009; Riseth et al., 2011). It is therefore
difficult to perform meaningful OneHealth studies without having such factors present in the
national diseases report systems. One particularly important aspect of incompatibilities across
nations is therefore the inhomogeneity with which such factors are covered. As an example, they are
generally absent in the important reporting of Siberian infectious diseases.

The objectives of this study are therefore:

1. To provide an overview of how a selection of important infectious diseases have been
geographically situated across the North, through the past 30-year climate reference period.

2.  Toprovide an overview of how a selection of important infectious diseases may have responded
to climate-change across the North, through the past 30-year climate reference period.

3. To identify potentially climate sensitive infections (CSI's), based on a selection of important
infectious diseases.
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4. To identify a robust inferential methodology that is capable of handling diseases data
inhomogeneities across nations.

5. To contribute with an incentive towards international homogenisation of human and animal
diseases report systems.

3. Data and Methods

With standard “climate” most commonly being defined as a statistical summary of the current
backlog of weather through a moving thirty-year reference period (WMO Climate Normals), this
study presents the “climate” of northern infectious diseases as observed per 2018. The area covered
with such a temporal window stretches from western Greenland to the Pacific coast of Russia, from
approximately 55 to 80 degrees North. Through this vast geographic expanse, leaving out only
Canada and Alaska from a true circumpolar coverage, basically “all” officially reported cases of the
selected infectious diseases have been inventoried, collated, and depicted. The depictions include the
average annual incidence of selected human diseases which are depicted with formal maps that
summarize data through the climate reference period (Appendix 2: The geography of Northern infectious
diseases), as well as with map-like year-by-year animations (www.clinf.org).

Based on the latter year-by-year approach, diseases populations may exhibit geographic trends
through the temporal climate-window, which include the possibilities of either an expanding (+/-)
and/or a translating diseases population. These geographic trends include the possibility for diseases
populations adapted to cold biomes to face dilution or extinction if they migrate into a warming
dead-end landscape (Oechel & Vourlitis, 2014). Additionally, whether or not any geographic trends
are exhibited, infections may respond with changing population densities. Any of these population-
scale climate-change effects may be perceived as taking place in a three-dimensional orthogonal space
constituted by time (Year), latitude (Lat), and longitude (Long), wherein a generic incidence surface
may be assumed to vary continuously (Figure 1a). With this surface linearly parameterised (Figure
1b), linear spatiotemporal incidence trends may be inferred with standard statistical methodologies.

If diseases populations are significantly responding to climate change, one natural question
would concern the nature of the associated regulative mechanisms (such as changing weather and/or
landscape characteristics). If these mechanisms change with climate-change, and if populations of
infectious diseases respond to such climate-induced regulation, we define them as being climate
sensitive (Climate Sensitive Infections — CSI’s). If they haven’t responded through the observed
climate reference period, we rule them out from being CSI'’s. Inferring the regulatory processes of the
thus identified CSI's will be left for another publication (Tronin et al., 2020; Ma et al., 2020: Leibovici
etal., 2021; Ma et al., 2021), in the current study we stay with inferring the eventual linear geographic
and/or incidence trends of a selection of potential CSI's. These infections are observed in northern
humans and chosen to represent different transmission processes as well as for their relevance for
far-north societies (Omazic et al., 2019a).
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Figure 1. Through Finland and European Russia, borrelia (incidence per 100,000 inhabitants) has significantly
translated towards northern latitudes through the 30-year climate reference period. Four-degree polynomial

(left) and linear (right) interpolations, including interpolation artefacts (like negative incidences).

3.1. Human Diseases

With most diseases included in this study being zoonotic, meaning that they are transmitted
from animals to humans, and that they hence may occur in humans as well as in animals, the term
“human CSI's” indicate that the corresponding diseases have been observed in humans and reported
via human diseases report systems. The selection of human diseases was based on panel discussions
including 20 experts representing different fields of expertise, like veterinary and human medicine,
animal science, virology, microbiology, and ecology (Omazic et al., 2019b). As a result, the following
diseases were identified as being important potential human CSI's: BOR = Borreliosis, BRU =
Brucellosis, CRY = Cryptosporidiosis, LEP = Leptospirosis, PUU = Haemorrhagic fever with renal
syndrome (Puumala virus infection), QFE = Q fever, TBE = Tick-borne encephalitis, and TUL =
Tularaemia.

Human diseases data are reported case-by-case, either clinically or via laboratories, in written
form or via digital report systems. This introduces a potential of overlap error since single cases of
diseases may be reported twice, and since older written report systems may overlap with the
implementation of digital dittos. In addition, diseases may have been obtained either within or
outside (potentially far away) their associated reporting district, which introduces error since only
the former type should be included in a count of incidences per report district. Much effort has been
spent in reducing such sources of error to their minimum.

3.2. Spatial Resolution

The data covering human diseases are constituted by empirical observations concerning
individual cases reported to authorities in the six nations of:

GRE = Greenland, ICE = Iceland, NOR = Norway, SWE = Sweden, FIN = Finland, RUS = Russia.

The national administration of reported diseases is managed per report district, where the report
districts are constituted by counties everywhere except in Russia, where diseases mainly are reported
per oblast, republic, or autonomous region. Hence, the smallest possible spatial resolution of the
current human diseases data is “report district” — see Appendix 1 for a list of diseases report districts. In
Greenland and Iceland, the entire nations constitute one report district, although confined to their
respective coastal regions. In Greenland, human diseases are predominantly reported in the southern
and western coastal regions.

3.3. Temporal Resolution

In the temporal domain, an attempt has been made to cover the 30-year climate reference period
with human diseases data. This ambition has been more or less successful depending on national
differences regarding the inclusion of different diseases in their respective lists of reportable diseases
(diseases that should be reported by law). Consequently, the time-period covered by CLINF human
diseases data varies with diseases and nations, in accordance with Table 1.
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Table 1. Temporal coverage of CLINF diseases data per nation and disease. Where not applicable (n/a), the
diseases have not been reported. * = A single case of QFE reported in Greenland 2007.

Nation BOR BRU CRY LEP PUU QFE TBE TUL
Finland 1995-2016 1995-2014 1995-2016 1995-2016 1995-2016 1998-2016 1995-2016 1995 - 2016
Greenland n/a n/a n/a n/a n/a 2007 - 2007 * n/a n/a
Iceland n/a n/a 2013 - 2016 n/a n/a n/a n/a n/a
Norway 1990 - 2016 2004 - 2016 2012- 2016 n/a 1991 - 2016 n/a 1998 - 2016 1985 - 2016
Russia 1992 - 2015 1970- 2015 n/a 1975-2015 1975-2015 1998-2015 1969-2015 1970- 2015
Sweden 1985-1994 2011-2013 2004-2016 1972-2013 1985-2016 2007-2013 1978-2016 1969- 2016

In this study, the temporal case-by-case resolution has been scaled up into annual cumulations
of cases. When combined with the spatial scale of diseases reporting district, the resulting
spatiotemporal scale becomes the number of annually cumulated cases per 100,000 report-district
inhabitants, which defines “the incidences of human diseases” (Inc).

The above data have been procured and processed by the CLINF Nordic Centre of Excellence,
which is devoted to inquiring “Climate-change effects on the epidemiology of infectious diseases and
the associated impacts on Northern societies”. All CLINF data are shared via www.clinf.org.

3.4. The Geographic Distribution of Diseases

In order to provide an overview of how diseases have been geographically situated across the
North through the past 30-year climate reference period, the average (arithmetic mean) annual
incidences per diseases report district were calculated through the observed period of time. Since the
arithmetic mean is robust with respect to the varying periods of time with which different disease
have been reported, as illustrated in Table 1, it provides comparable values despite varying reporting
periods. As a result, three maps were produced per disease, covering i) the entire study region from
western Greenland to pacific Russia, i7) the European parts of the study region, and iii) the
Scandinavian parts of the study region. With a total of eight diseases included in the study, each
covered with three maps, a total of 24 maps were produced using ArcGIS software. These maps are
provided in Appendix 2, but also at www.clinf.org. At the CLINF website, each of these maps is also
provided as year-by-year animations. Since observed through the approximate 30-year climate
reference period, it is suggested that these maps and map-like animations define “the Northern diseases
climate” of the selected diseases.

3.5. The Climate-Change Response of Diseases

With a potential CSI population occupying a number of report districts at any given time (Year),
a geographic translation and/or expansion of the population may be interpreted as if the selection of
occupied report districts changes in the temporal domain. And with diseases report districts being
identified by their respective geographic centroid longitudes and latitudes, the set of variables Inc,
Year, Long, and Lat denote observed diseases incidences provided with their spatiotemporal positions
(in WGS84). If the translation and/or expansion trend has a linear component, the hypothesis of a
generically translating and/or expanding CSI population may hence be tested with regression
equation I1:

Inc = a+b-Year+c‘Year(d'L0ng+e-Lat)+£ =

=a+ f-Year+9-Year-Long + A-Year-Lat+ & (1)

Regression equation 1 may also be interpreted by terms of the third possible diseases response
to climate change, i.e. a geographically stationary effect to the intensity with which diseases occur.
This is just another way of expressing that a temporal effect remains independent of longitudinal
and/or latitudinal position, which collapses equation 1 into equation 2:

Inc=a+f-Year+¢ )
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As a result, regression equation 1 is fit for testing hypotheses regarding all the three possible
climate-change effects on the populations of infectious diseases; a geographic translation and/or a
geographic expansion and/or a geographically stationary change of intensity.

Regression equation 1 may be interpreted as if the continuous interaction between temporal and
spatial positions is tested, which may be expanded into two separate terms of longitudinal and
latitudinal spatiotemporal effects. If these interactions are statistically significant, the spatial position
of Inc changes with Year (or vice versa), which concretely expresses the hypothesis that we wish to
test. The sign of the associated regression coefficients fand J (positive or negative) thereby reflects a
trend in either Year or in Long/Lat, where Year definitively is increasing trough the observed period
of time. Since this temporal propagation may mask eventual spatial trends, particularly if they are
relatively weak, the safest way to determine the direction of significant spatial trends is by
visualisation as illustrated in Figure 1. The interpretation of continuous regression interactions has
been subject to some discussion, which can be followed in Aiken & West, 1991.

However, since the observed incidence populations combine significant right-hand skewness with
an abundance of zero incidences, all situated in the theoretical space of [0, e [, a normal assumption
fails to fit the expected incidence probability density distributions. Instead, the variable Inc (equation
1) was parameterised into four ordinal categories that were logarithmically fitted to each individual
disease. With the number of incidence observations falling within each such category being
considered to be a Poisson-distributed version of Inc, regression equation 1 turns into a log-linked
Poisson regression model that is robustly capable of handling the rather non-normal characteristics
of typical incidence distributions (equation 3). As a result, the below tests for linear geographic
translation trends are presented with type 3 maximum likelihood statistics (Fitzmaurice et al., 2004).

log(lncl) — ﬂ.Year} +5.Yea]/; ’Longi +A-Yeal’; -Latl. +(9i, i (S [1 4] (3)

With diseases mapped across three sub-regions of the study area “from Nuuk to Yakutsk”,
testing for geographic translation requires a different spatial resolution. There are two main reasons
for this; 7) translation trends may have different directions in different climate zones, and ii) there
exists a predetermined interest in inferring geographic CSI translation trends at national levels of
diseases administration. In 7), CSI populations do per definition respond to climate-change effects
such as warming and transforming landscapes. Such warming is introduced along geographic
climate gradients that are determined by many factors, such as balancing maritime and continental
climates and the physical situation of mountain ranges, rather than pointing exclusively towards “the
colder North”. In order to avoid testing across contradictory climate zones, testing for geographic
translation trends requires a sample sub-selection per approximate climate zone.

In i), since diseases have been predominantly considered at national levels of administration through
history, many administrations have had reason to ask themselves whether or not infections are
systematically translating through the nation. Because of incompatibilities across national disease
administrations, it has been difficult to ask the same question concerning the international scenario.
With the dataset presented here, containing most of the officially registered human cases of selected
diseases across several adjacent nations, both questions can be addressed (Figure 1).

Nations are homogenously covered with data concerning human reportable diseases through the
periods of time provided with Table 1. Since these periods are different in different nations, nations
that are combined due to shared climate zones may be represented with more or less overlapping
time-periods of national reporting.

In order to fulfil the criteria set by i), ii), as well as by eventual inhomogeneous reporting periods
across and within nations, the following regions will be subject for CSI translation-trend testing:
Norway, Sweden, Finland, European Russia, Asian Russia, Norway + Sweden, Sweden + Finland,
Norway + Sweden + Finland, and Finland + European Russia. Whenever required, combined nations
will be solely inferred across homogenously reported subsets of report-periods and years.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4. Results

General information regarding each of the chosen diseases is provided in Appendix 3.

4.1. Borreliosis

Borreliosis constitutes a classic reportable disease in most Northern nations, with the rather
curious exception of Sweden. When depicted (Appendix 2), the average annual incidences therefore
cover arelatively long period of time everywhere except in Sweden, where the disease was reportable
only through the period of 1985 to 1994. In the Northern international perspective, borreliosis
incidences demonstrate an exceptional maximum at the southwest Finnish archipelago of
Ahvenanmaa (Aland), where the average incidence is 85 times higher than in the rest of the study
region (289 and 3.4 respectively). These high incidences spill into the north-shore districts of the Gulf
of Finland, and locally onto the shores of the nearby coasts of Sweden. In 2016, Ahvenanmaa reported
a borreliosis incidence of 2098, which is another way of saying that 2.1 percent of the human
population was infected this particular year. As a result of the extreme average Ahvenanmaa
incidence, the generic population of borreliosis incidences, as depicted in appendix 2, is highly skewed
and biased outside the district of Ahvenanmaa. As a consequence, the median and the interquartile
range (IQR) are more robust comparative descriptives of borreliosis populations than highly sensitive
descriptives such as arithmetic means and/or standard deviations. The comparative descriptives of
Northern borreliosis populations are provided in Tables 2 and 3, where the Aland population is
included in the former table but excluded in the latter.

Table 2. Comparative descriptives of the Northern borreliosis population (primary incidences), including the

Aland population. N denotes the number of reports, where a typical report may contain many cases.

BORdescr.| NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR All

Mean 405 4.39 727 6.11 7.12 3.88 4.15 51.3 30.90 48.8 24.8
Median 1.16 1.81 7.25 4.37 533 0.05 1.42 4.75 3.06 6.62 3.27
Maximum | 34.4 50.0 2098 45.5 45.5 175 50.0 2098 2098 2098 2098
Std. dev. 6.34 6.93 301 7.30 7.89 9:.15 6.51 251.7 191.0 242.3 166.3
Coef.var. |156.4 158.0 414.5 119.5 110.8 132.8 157.0 490.3 618.7 496.1 670.5
IQR 490 4.40 13.4 8.96 8.91 7.87 4.90 11.7 9.44 11.4 9.11
N 513 210 462 384 264 120 723 672 1185 726 1569

Table 3. Comparative descriptives of the Northern borreliosis population (primary incidences), excluding the

Aland population. N denotes the number of reports, where a typical report may contain many cases.

BORdescr.| NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR All

Mean 405 439 11.7 6.11 fa12 3.88 4.15 9.34 7.00 9.98 6.78
Median 1.16 1.81 6.88 4.37 5.33 0.05 1.42 4.58 2.95 6.43 3.15
Maximum | 344 50.0 81.6 45.5 45.5 17.5 50.0 81.6 81.6 81.6 81.6
Std. dev. 6.34 6.93 14.0 7.30 7.89 5.15 6.51 12.6 10.7 12.3 9.94
Coef.var. |156.4 158.0 119.6 119.5 110.8 132.8 157.0 135.3 152.2 122.9 146.6
IQR 490 4.40 11.6 8.96 8.91 7.87 4.90 10.8 8.55 10.9 8.65
N 513 210 440 384 264 120 723 650 1163 704 1547

Although borreliosis not is a reportable disease in Sweden, the geographic northward
translation of the Swedish tick population has been thoroughly demonstrated by Jaenson et al. (2012)
and Grandi et al. (2020). When inferred with respect to linear stationary as well as longitudinal and
latitudinal trends (Table 12), borreliosis incidences have been significantly increasing in Norway and
Finland while they significantly translate towards the North in Norway, (Sweden), Finland, Asian
Russia, and Finland + European Russia. In addition to the latitudinal component, as illustrated with
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borreliosis in Norway (Figure 2), a longitudinal component seems to be generally pointing away from
coastal environments, towards the inland, in Norway and Finland + European Russia. In Asian
Russia, borreliosis seem to prevail mainly in southern inlands and slowly translate towards the north
and the Pacific coast. In these regions, borreliosis seems to have started its journey towards the North
in the early nineties, with maximum translation velocity through the nineteen-nineties and the
twenty-hundreds. In the case of Norway (Figure 2), as an example, the inland translation seems to
have preceded the northward expansion of the borreliosis population with approximately ten years.
Based on the general coherence across observed borreliosis translation patterns and climate gradient
directions, it may be suggested that borreliosis is a potential climate sensitive infection.
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Figure 2. Through Norway, borrelia (incidence per 100,000 inhabitants) has significantly translated towards the
northern inland through the 30-year climate reference period. Third-degree spline interpolations, including

interpolation artefacts (like negative incidences).

4.2. Brucellosis

Brucellosis is a reportable disease in all nations covered with CLINF data but hasn’t been
observed in Greenland or Iceland. It is scarcely occurring with an average incidence of 0.17 reported
cases per 100,000 inhabitants, with non-zero observations scattered across the CLINF study region
(appendix 2, Table 4). Brucellosis incidences are significantly higher in Russia than elsewhere in the
CLINF study region, particularly in Asian Siberia.

Table 4. Comparative descriptives of the Northern brucellosis population (primary incidences) . N denotes the

number of reports, where a typical report may contain many cases.

BRUdescr. | NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR  All
Mean 0.09 0.3 0.07 018 0.02 0.52 0.10 0.08 0.08 0.03 0.17
Median 0.00 0.06 0.00 0.00 0.00 0.13 0.02 0.00 0.00 0.00 0.00
Maximum | 035 0.36 0095 6.61 1.34 6.61 0.36 0.95 0.95 1.34 6.61
std. dev. 014 0.5 019 060 0.10 1.00 0.14 0.19 0.17 0.11 0.58
Coef.var. | 159.7 119.0 263.8 331.4 3985  187.0 142.2 238.9 218.4 385.3 333.8
IQR 0.18 0.16 0.03 007  0.00 0.53 0.18 0.06 0.07 0.00 0.07
N 12 4 36 736 506 230 16 40 52 542 788

With brucellosis occurring at relatively low rates, reported mainly with zero incidences through
the Fennoscandian nations (appendix 2), it is not meaningful to infer eventual trends except in Russia
(Table 12, Figure 3). Here, brucellosis incidences seem to have increased significantly while the disease
has spread towards the Russian north and northeast until the 1980’s, whereafter it has been turning
back towards the southwest. The north/northeast translation trend seems to have been conditioned
by rather dramatically increasing brucellosis incidences, which have given way for decreasing
incidences ever since. Provided the quite different climate gradients of western and eastern Russia,
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having longitudinal components that basically point in opposite directions, it may be suggested that
the geographic translation of brucellosis is regulated by other factors then those associated with
landscape effects of climate-change and, hence, that brucellosis not may be considered as being a
climate sensitive infection.

Although the geographic translation of brucellosis is exemplified with the case of Asian Russia in
Figure 3, similar patterns apply also to Western Russia. When parameterised into linear interpolation,
the overall trend is balancing between the different trends prior to and after the 1980’s. As illustrated
with Table 12, the trends after the 1980’s are dominating everywhere except in the case of latitudinal
trends of Western Russia, where the balance is symmetrical enough to produce a non-significant
overall linear translation trend.

200

180

1860

140

Long

120

100

80

| EX
<5
<3
80 — P
1960 1970 1980 1980 2000 2010 2020 gy < 1

Year <3

1960 1970 1980 1990 2000 2010 2020
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Figure 3. Through Russia, here illustrated with Asian Siberia, the brucellosis population (ordinal incidences)
reached maximum latitudes as well as longitudes around the 1980’s. Third-degree spline interpolations

including interpolation artefacts (like negative incidences).

4.3. Cryptosporidiosis

Cryptosporidiosis is a reportable disease across the CLINF study region, with the important
exception of Russia. With rather short records in Iceland and Norway, reports stretch back to 2004 in
Sweden and to 1995 in Finland. When depicted and inferred for climate-induced geographic
translation trends, only Norway, Sweden, and Finland are hence included (Table 5).
Cryptosporidiosis incidences differ significantly with respect to mean values as well as to standard
deviations across the Fennoscandian nations, with relatively high incidences reported in Sweden
during the observed period of time. When inferred for stationary effects and/or geographic
translation trends (appendix 2, Table 12), increasing incidences are observed at levels of strong
significance in all the inferred regions. Significant translation trends are revealed when the
Fennoscandian nations are combined, that are rendered non-significant when individual nations are
inferred. Provided the short reporting period of Norway, only the combination of Sweden and
Finland provides a long enough period of time for secure inference. Here, a significant trend towards
the east prevails. However, since it is difficult to comprehend how this translation trend complies
with regional climate gradients, it is suggested that it is regulated by other factors than those
associated with climate-induced landscape change. Nevertheless, considering the significantly
increasing incidence levels observed throughout Fennoscandia, it is suggested that cryptosporidium
should be considered as being a potentially climate sensitive infection.
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Table 5. Comparative descriptives of the Northern cryptosporidiosis population (primary incidences). N

denotes the number of reports, where a typical report may contain many cases.

CRY descr. | NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR All

Mean 0.64 1.80 0.28 = = = 1.56 0.90 0.88 = 0.88
Median 0.00 0.00 0.00 = = = 0.00 0.00 0.00 - 0.00
Maximum | 8.64 97.1 12.7 B B e 97.1 97.1 97.1 = 97.1
Std. dev. 1.55 7.34 1.08 = = & 6.60 4.82 4.61 - 4.60
Coef.var. |[234.9 408.7 385.0 - & S 422.0 535.5 525.5 E 521.0
IQR 0.41 1.16 0.19 = - - 1.06 0.45 0.45 - 0.47
N 70 273 396 - - - 343 669 739 - 743

4.4. Hantavirus Haemorrhagic Fever with Renal Syndrome (HFSR/NE)

In northern Europe and Russia, NE is the predominant form of HFRS with average and
maximum annual incidences of 11.4 and 309.3 respectively through the observed period of time
(Table 6), and with case fatality-rates approaching 1 percent. As a result, NE is a classic reportable
disease in the northern nations addressed with this study, although not officially reportable in
Norway and Finland until 1991 and 1995 respectively. NE has not been officially reported in
Greenland or Iceland through the studied period of time.

When tested for linear trends in the spatiotemporal domain (appendix 2, Table 12), NE seems to
have stayed at roughly constant incidence levels throughout the studied period of time everywhere
except in European Russia, where the trend was steadily increasing. In this approximate steady-state
situation, NE seems to have translated geographically in all the studied regions except Asian Russia.
There is an overall geographic trend towards the south in all nations except Russia (Figure 4, left),
whereas European Russian NE incidences have increased significantly through time without
displaying much latitudinal translation (Figure 4, right). In Sweden, the southward translation trend
is remarkably strong whereas longitudinal trends across regions seem uncorrelated with climate

Table 6. Comparative descriptives of the Northern NE population (primary incidences). N denotes the number

of reports, where a typical report may contain many cases.

NE descr. NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR All
Mean 1.06 594 436 0.34 0.46 0.03 3.77 23.0 16.30 22.3 11.4
Median 0.00 0.35 30.0 0.00 0.02 0.00 0.16 6.04 1.01 2.80 0.30
Maximum | 37.3 285.7 309.3 17.1 174 1.5 285.7 309.3 309.3 309.3 309.3
Std. dev. 275 210 469 1.03 121 0.15 16.0 399 34.7 39.8 29.8
Coef.var. [259.3 354.1 107.6 315.8 262.4 574.6 423.5 173.5 213.5 178.3 262.6
IQR 0.79 2.68 445 0.20 0.40 0.00 1.45 30.6 17.4 30.3 6.04
N 450 560 462 656 451 205 1010 1022 1472 913 2128
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Figure 4. Asillustrated with Sweden (left, primary incidences), NE populations have migrated southwards while
incidences have stayed rather unchanged through the observed period of time. In European Russia (right,
ordinal incidences), the NE population has stayed latitudinally stationary while incidences have increased.

Third-degree spline interpolations including interpolation artefacts (like negative incidences).

gradients. No spatiotemporal trends may be found in Asian Russia. It may be concluded that
NE cannot be ruled out from responding to climate-change effects, and that it hence should be
considered as being a potentially climate sensitive infection.

4.5. Leptospirosis

Leptospirosis occur at relatively low incidence rates in the North, and is not defined as a
reportable disease in Norway (Table 7). With Norway excluded, the average and maximum incidence
observed in this study are 0.51 and 12.0 (European Russia) respectively. Leptospirosis incidences vary
significantly more in European Russia as compared with the rest of the study region. Leptospirosis
is not reported in Greenland, Iceland, or Norway, rarely reported in Sweden, but more commonly
present in Finland and Russia with a northern stronghold in the south-western parts of European
Russia (appendix 2). When tested for spatiotemporal trends (Table 12, Figure 5), Finland and European
Russia should therefore be focused upon although the rather late Finnish 1995 inclusion of
leptospirosis in their national list of reportable diseases constrains such testing. As a result (Figure 5),
leptospirosis incidences seem to have had a maximum around 1985 through Finland and European
Russia, with geographic translation trends vaguely pointing in the north-east direction. The
European-Russian incidence peak around 1985 seems to have protruded geographically from the
Baltic coast towards the east, and thereafter withdrawn back to the coast. It may be concluded that
general spatiotemporal trends seem to lack in the case of leptospirosis, although the Finnish-Russian
trends should be handled with some reservation. Despite the latter recommendation, leptospirosis
hardly meets the criteria of being considered to be a climate sensitive infection.

Table 7. Comparative descriptives of the Northern leptospirosis population (primary incidences). N denotes the

number of reports, where a typical report may contain many cases.

LEP descr. NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR Al

Mean = 0.09 0.08 0.73 1.01 0.08 = 0.08 - 0.70 0.51
Median G 0.00 0.00 0.13 0.35 0.00 = 0.00 - 0.11 0.00
Maximum - 1.83 3.58 120 12.0 3.37 - 3.58 - 12.0 12.0
Std. dev. - 0.34 0.33 1.50 1.71 0.34 - 0.33 - 1.47 1.28
Coef. var. - 363.4 402.9 205.5 168.5 441.9 - 390.3 - 211.1 248.0
IQR - 0.00 0.00 0.80 1.19 0.00 . 0.00 - 0.74 0.40
N - 90 234 646 451 195 = 324 - 685 970
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Figure 5. As illustrated with Finland + European Russia (left, nominal incidences), the leptospirosis population
has largely stayed geographically stationary through the observed period of time, although with incidence rates
peaking around 1985. In European Russia (right, primary incidences), an incidence peak protruding towards the
east around 1990 dominates northern population dynamics, prior to retreating back towards the southwest.

Third-degree spline interpolations including interpolation artefacts (like negative incidences).

4.6. Q Fever

Throughout the CLINF study area, Q fever persists at relatively low incidence rates mainly in
Finland and Russia whereas its occurrence in Sweden is more sporadic and local (appendix 2). It has
been reported with a single case from Greenland through the studied period of time and is not
reportable in Norway. In the Q fever summaries provided with Table 8, Sweden is represented with
a significantly higher average incidence rate than other nations, which emanates from intense but
short-lived outbreaks in a few report districts. With an insufficient number of reported cases (N, Table
8), Sweden should therefore be excluded from statistical tests concerning eventual spatiotemporal
trends. This leaves Finland and Russia to be tested for such trends, and to be included in the
associated Table 12. As best illustrated with the nation of Finland (Figure 6), there is a tendency for
northward migration through the observed period of time while incidence rates stay generally
constant. In Russia, the corresponding tendencies are too contradictory for safe interpretation. It may
hence be concluded that Q fever should be regarded as being potentially climate sensitive at least in
Finland, and that the correlations between climate-change effects and the spatiotemporal distribution
of the Finnish Q fever population needs to be further investigated.

Table 8. Comparative descriptives of the Northern Q fever population (primary incidences). N denotes the

number of reports, where a typical report may contain many cases.

QFEdescr. | NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR Al
Mean - 1.09 0.05 0.005 0.006 0.003 - 0.07 - 0.03 0.04
Median - 030 0.0 0.00 0.00 0.00 - 0.00 - 0.00 0.00
Maximum - 2.67 084 0.24 0.24 0.11 - 2.67 - 0.84 2.67
Std. dev. - 137 0.15 0.02 0.03 0.02 = 0.24 - 0.11 0.18
Coef. var. = 126.2 275.4 457.0 426.5 5521, E 343.6 e 369.4 515.2
IQR - 238 0.0 0.00 0.00 0.00 - 0.00 - 0.00 0.00
N - 3 180 288 198 90 - 183 - 378 472
64 -

62

[ | I I I
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Figure 6. As illustrated with Finland (latitude vs. year, primary incidences), the Q fever population displays a
tendency of migrating northwards through the observed period of time, while incidence rates stay generally

constant. Third-degree spline interpolations including interpolation artefacts (like negative incidences).
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4.7. Tick-Born Encephalitis

With TBE and borreliosis sharing the I. ricinus vector, the TBE natural foci coincides with that
of borreliosis. Just like discussed in the above section concerning the borreliosis disease, this natural
foci is likely to expand towards the North with climate-change effects, and it therefore seems
plausible to assume that TBE is a potential climate sensitive infection. TBE has a stronghold in the
northern nations covered with this study and is therefore a classic reportable disease throughout the
North. With an abundance of ticks characterising the infectious scenario of the Aland region in south-
western Finland (Ahvenanmaa), TBE incidence rates probably reaches an international maximum in
the region. Just like in the case of borreliosis, this spills into the surrounding regions along the Finnish
south-coast as well as onto the neighbouring archipelago of the Swedish east-coast (Figure 7, appendix
2). Like in the case of borreliosis, the extreme Aland TBE incidences bias the wider Nordic perspective
enough to motivate two separate tables of TBE descriptives, one including the Aland diseases report
district (Table 9) and the other excluding the district (Table 10). As illustrated with these tables, Russian
TBE incidence rates dominate at large geographic scales, particularly in the Ural region. The disease
is not reported in Greenland or Iceland and persists at relatively modest incidence rates through
Norway and Sweden (excluding the east-coast archipelago).

When tested for spatiotemporal trends (Table 12), it may be concluded that TBE population
dynamics are generally dominated by temporally increasing incidence rates and significantly flat
geographic trends. This is best illustrated with the case of Sweden (Figure 7), where incidence rates
have increased significantly while the disease slowly spreads from the coast towards the inland north.
This applies more or less to all the studied nations and/or regions, as illustrated in Table 12, except
Asian Russia where TBE seems to slowly spread towards the northeast and the Pacific coast.

Table 9. Comparative descriptives of the Northern TBE population (primary incidences), including the Aland
population. N denotes the number of reports, where a typical report may contain many cases.

TBE descr. | NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR Al

Mean 0.36 0.91 219 252 1.44 4.90 0.78 1.45 1.29 1.79 1.76
Median 0.00 0.09 0.00 0.48 0.70 0.00 0.00 0.00 0.00 0.20 0.06
Maximum 545 15.0 99.0 52.8 15.3 52.8 15.0 99.0 99.0 99.0 99.0
Std. dev. 0.79 191 9.83 543 2.09 8.76 1.73 6.58 6.10 6.85 5.9

Coef. var. 223.3 209.8 448.1 215.2 145.1 178.7 221.6 453.0 472.2 383.0 334.0
IQR 0.40 0.90 0.6 240 1.90 6.60 0.79 0.79 0.73 1.29 1.19
N 180 601 440 752 517 235 781 1041 1221 957 1973

Table 10. Comparative descriptives of the Northern TBE population (primary incidences), excluding the Aland

population. N denotes the number of reports, where a typical report may contain many cases.

TBE descr. | NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR All

Mean 036 091 041 252 1.44 4.90 0.78 0.71 0.65 0.98 1.37
Median 0.00 0.09 0.00 0.48 0.70 0.00 0.00 0.00 0.00 0.18 0.00
Maximum 545 15.0 9.28 52.8 15.3 52.8 15.0 15.0 15.0 15.3 52.8
Std. dev. 0.79 191 096 5.43 2.09 8.76 1.73 1.61 1.52 1.76 3.69
Coef. var. 223.3 209.8 234.6 215.2 145.1 178.7 221.6 228.2 232.9 179.4 268.5
IQR 0.40 0.90 0.45 2.40 1.90 6.60 0.79 0.73 0.69 1.20 1.15
N 180 601 418 752 517 235 781 1019 1199 935 1951
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Figure 7. As illustrated with Sweden (year and latitudes on top, longitudes below, primary incidences), the TBE
population translates slowly across the mid-east, while incidence rates are significantly increasing. Third-degree

spline interpolations including interpolation artefacts (like negative incidences).

When the spatiotemporal dynamics of the Northern TBE population are compared with the
dynamics of borreliosis, it may be concluded that the two diseases respond similarly to the rapid
warming of their shared natural foci, although with different geographic rates. At different rates, they
seem to literally follow the geographic expansion of tick populations. It may hence be concluded that
TBE should be defined as a potential climate sensitive infection that more or less coheres with the
climate-change dynamics of the borreliosis population.

4.8. Tularaemia

Across the spatiotemporal domain covered with this study, Tularaemia has a classic stronghold
in Sweden and Finland (Figure 8, appendix 2). This is clearly illustrated with Table 11, where Sweden
and Finland display significantly higher mean- and maximum incidence rates as compared with
other parts of the study region. It may also be noted that Sweden and Finland display significantly
lower coefficients of incidence variation. One possible interpretation of this is that the rather rare
occasions of tularaemia infection outside Sweden and Finland occur by outbreak, whereas the
infection is more steadily present in Sweden and Finland. When inferred for spatiotemporal trends
(Table 12, Figure 8), tularaemia population dynamics seem to resemble what just has been discussed
for TBE. Hence, significantly flat geographic trends prevail while incidences are strongly increasing.
As a matter of fact, the test statistics of tularaemia incidences increasing while translating southwards
are extremely high in Sweden where the presently (2018) ongoing outbreak in the far-north probably
sets an all-time-high record. In general, while incidences increase, tularaemia populations seem to
slowly advance towards the south. The Russian tularaemia population prevails more at a
spatiotemporal status quo, although slowly increasing in Europe and slowly translating towards the
north in Asia. Mainly based on observations made through Fennoscandia, it may be suggested that
the tularaemia population is under dynamic change, and that the infection should be defined as being
potentially climate sensitive.
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Table 11. Comparative descriptives of the Northern tularaemia population (primary incidences). N denotes the

number of reports, where a typical report may contain many cases.

TULdescr. | NOR SWE FIN RUS RUS-EUR RUS-ASI NOR+SWE SWE+FIN NOR+SWE+FIN FIN+RUS-EUR All

Mean 0.71 296 5.23 0.15 0.19 0.08 2.15 3.81 3.00 2.60 2.13
Median 0.00 0.00 0.75 0.00 0.00 0.00 0.00 0.35 0.13 0.00 0.00
Maximum |58.60 151.5 1134 186 18.6 1.76 151.5 1515 151.5 113.4 151.5
Std. dev. 329 105 141 0.83 0.99 0.23 8.69 12.0 10.6 10.1 8.91
Coef. var. 465.4 355.0 269.7 5443 5349 283.1 404.8 315.8 352.2 389.0 418.3
IQR 0.53 | 1.55 | 3.55 | 0.04 0.06 0.00 1.02 2.22 1.47 0.88 0.77
N 437 777 462 736 506 230 1214 1239 1676 968 2412

Table 12. Likelihood type 3 test statistics regarding geographically stationary and/or longitudinal and/or
latitudinal translation trends (Year/Long/Lat) in observations of CSI incidences. Compilation across functional

study regions, overall period of observation, overall type 3 value p’s, and typical vector organisms.

Csl Year/Long/Lat BOR TBE TUL QFE CRY NE
NOR ***/***/*** ***/*/*** ***/n.s./** _ ***/n.s./n's. n.S./***/***
SWE n.S./n.S./* ***/***/*** ***/***/*** _ ***/n.s./n.s. n.s./***/***
FIN ***/n.s./*** ***/***/*** ***/***/*** n.s./n.s./** ***/*/n.s. n.s./***/***
RUS-EUR */n.s./n.s. **k [* [N s, HHALE [ n.s./n.s./n.s. - *kk Rk [ g,
RUS-ASI S, AR R R PRk JREE | g [¥HE g, | FEESEE SRk - n.s./n.s./n.s.
NOR+SWE - n.S./***/*** ***/***/*** _ ***/**/*** n.S./***/***
SWE+F|N _ ***/**/*** n.s./***/*** _ ***/***/n.s. n.S./***/***
NOR+SWE+F|N - ***/***/*** ***/***/*** @ ***/n.S./*** n.S./***/***
F|N+RUS_EUR ***/***/*** ***/***/*** ***/***/*** n.S./***/n.S. = **/***/***
Period: 1985-2016 1969-2016 1969-2016 1998-2016 1970-2016 1975-2016
overa” p: ***/**/*** ***/***/*** ***/**/** */*/** ***/*/* */***/***
Typical vector: Tick Tick Animal/tick Animal/tick Animal/hum Rodent
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Figure 8. As illustrated with Sweden (latitudes left, longitudes right, ordinal incidences), the tularaemia
population slowly translates towards the south while incidence rates are increasing. The overall westbound
trend was preceded with eastward translation until the late 1980’s, and the current outbreak seem to have started
at high latitudes around year 2000. Third-degree spline interpolations including interpolation artefacts (like

negative incidences).
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5. Conclusions

Out of the eight infections inferred with this study, borreliosis, cryptosporidiosis, nephropathia
epidemica (NE), Q fever, TBE, and tularaemia may be suggested to be potentially climate sensitive
(Table 12). This equals 88 percent of the chosen diseases which, possibly, may be considered as a quite
worrying estimate of the generic proportion of potential CSI's. Borreliosis seems to follow the
migratory paths of its main vector organism, the L. ricinus tick, within a habitat that is generally
expanding inlands and towards the North with climate change. TBE shares the I. ricinus vector with
borreliosis and displays similar population dynamics through the observed spatiotemporal domain.
However, where borreliosis seem to literally follow the geographic expansion of tick populations,
TBE responds with significantly increasing incidences while translating geographically at slower
rates. It may be concluded that the two prime tick-borne infections borreliosis and TBE follow the
paths of landscapes that transform with climate-change, and that they hence are to be considered as
being climate sensitive infections.

Tularaemia population dynamics seem to resemble the slowly translating dynamics of the TBE
population, with which it shares the tick vector. It has a classic stronghold in Sweden and Finland
and seems to generally increase with respect to incidence rates everywhere except in Asian Russia. It
may be concluded that tularaemia is an infection under dynamic change and that it must be
considered as being potentially climate sensitive.

Cryptosporidiosis incidence rates are generally increasing in the Nordic nations, with tendencies
of slow geographic translation to be observed. Since these translation patterns contradict regional
climate gradients, it may be concluded that geographic cryptosporidium fluctuations are regulated
by other factors than those associated with climate-change. Nevertheless, considering the
significantly increasing incidence levels observed throughout Fennoscandia, it is suggested that
cryptosporidiosis should be considered as being a potentially climate sensitive infection.

NE seems to have stayed at roughly constant incidence levels throughout the studied period of
time everywhere except in European Russia, where the trend is steadily increasing. In this
approximate steady-state situation, NE seems to have translated southwards from classical northern
foci in all the studied regions except Russia, whereas the longitudinal trends seem uncorrelated with
regional climate gradients. It may be concluded that NE should be considered as being a potentially
climate sensitive infection.

Q fever is too sparsely occurring for safe inference everywhere except in Finland where there is
a tendency for northward migration through the observed period of time while incidence rates stay
generally constant. It may be concluded that Q fever should be regarded as being potentially climate
sensitive at least in Finland, and that the correlations between climate-change effects and the
spatiotemporal distribution of the Finnish Q fever population needs to be further investigated.

6. Discussion

In the above assessment of potential CSI's, not only the spatiotemporal dynamics of selected
infectious diseases have been inferred, but also an inferential methodology adapted to the respective
national programmes of health survey across the North. This is a typical task of biometry, where the
“inferential scenario” has been parametrised to fit standard models of statistical inference and
hypothesis testing. Hence, the parameterisation of possible CSI effects into linear trends of
geographic translation and/or expansion (+/-), and/or stationary incidence effects, is basically a
parameterisation into the minimalistic inferential equations 1, 2 and 3.

A similar biometric concept applies to the shift from considering diseases incidences to be generically
normal distributed, in favour of an ordinal Poisson approach. With the diseases scenario
spatiotemporally parametrised into annual accumulations across county-sized spatial units, zero
incidences dominate the scale. This basic fact is best illustrated with diseases such as anthrax, that
occur via “outbreaks” rather than being manifested with a varying continuum in the spatiotemporal
domain. In the ordinal approach, such abundances of zeros are easily categorised and contrasted with
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non-zero categories at the different levels of observed incidence intensity.

In the temporal domain, national health data are usually available at the date whereupon individual
cases were reported to the health authorities. With “incidence” being defined as the number of new
cases through some period of time (and across some spatial domain), such primary data require
temporal accumulation into some arbitrary unit of time. The choice of setting this unit to annual
cumulations, like in the prevailing study, was based on the typical rate with which the observed
diseases populations change in the spatiotemporal domain, and is hence another instance of
biometric parametrisation. After having assessed the observed CSI scenario, a consensus was reached
where the annual approach was considered to best match typical CSI dynamics through the thirty-
year climate window.

The spatial resolution of the study was provided a priori but has been parametrised into regions
that fulfil the above-mentioned criteria of national interests as well as of approximately homogeneous
climate gradients. There is, however, one important exception that contrasts with the basic county-
sized resolution that spatially underpins the study. With its enormous eastern regions, Siberian
health data are reported by spatial units that typically dwarf its western equivalents. From “Nuuk to
Yakutsk”, there is a tendency of increasing spatial size towards the East (which is balanced with
decreasing population densities) that introduces a bias to CSI studies across the Northern realm. The
prevailing study was well underway into breaking a selection of huge Siberian report districts down
into the sub-district scale, when Russia assaulted Ukraine in early 2022 and all Nordic-Russian
science collaboration came to an abrupt end.

As the North is in significant lack of international compatibility with respect to standardised
national schemes of health survey, and to the corresponding dissemination of health data, it is keenly
suggested that the above schemes of parameterisation are implemented nationally across nations (of
the North). The method of achieving this is via science diplomacy as pointed out by authors such as
Evengard & Thierfelder, (2021) and Evengard et al. (2021).

Among the possible CSI effects discussed above, the geographic expansion of diseases
populations has a special bearing on Siberia. With its 13.1 M sqr.km., as compared with the
approximately 0.8 M sqr.km. that applies to the Nordic region above 55 degrees North, Siberia holds
a potential of CSI habitat that more or less dwarfs” other parts of the Eurasian North. There is well-
known remotely sensed evidence (Ohta et al., 2019) that vast areas of Siberia are greening and
wettening as a consequence of climate change, which invites CSI vector and reservoir organisms to
migrate along the associated climate gradients by law of nature. Since this threatens to multiply the
sheer mass of threatening pathogens, it is vitally important to keep track not only with landscape
transitions visible from space, but with Siberian CSI dynamics observed in situ. And with the
probability of globally eradicating infectious diseases being principally proportional to pathogen
mass (Daley & Gani, 2005), the current ban of scientific exchange with Russia constitutes a global
OneHealth threat. And again, science diplomacy may offer a solution.

The notion of a “potential” CSI is important since a mere indication of “pathogens on the move”
is not enough to prove that the observed effects are caused by climate-change. There may be many
other complexly dynamic reasons for such CSI variations. The corroboration of linkages between
spatiotemporal CSI variations and climate-change effects requires statistical inference at quite
another scale as compared with the spatiotemporal inference presented here (Destouni et al., 2021).
As part of producing biometric recommendations, we hence suggest that the term “potential CSI” is
used to distinguish between observed spatiotemporal CSI variations and a generic link to climate-
change effects.
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SWE Ostergdtland E 16.6 58.3

Appendix B. The Geography of Northern Infectious Diseases

Appendix B1. Borreliosis
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Figure 1la. Average annual Borreliosis incidences as observed through the approximate thirty-year climate
reference period, across the entire CLINF study region. Borreliosis incidences are extremely high at the

Finnish/Baltic archipelago of Ahvenanmaa (Aland).
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Figure 1b. Average annual Borreliosis incidences as observed through the approximate thirty-year climate
reference period, across continental Europe. Borreliosis incidences are extremely high at the Finnish/Baltic

archipelago of Ahvenanmaa (Aland).
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Figure 1c. Average annual Borreliosis incidences as observed through the approximate thirty-year climate

reference period, across Norway, Sweden, and Finland. Borreliosis incidences are extremely high at the

Finnish/Baltic archipelago of Ahvenanmaa (Aland)
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Appendix B2. Brucellosis
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Figure 2a. Average annual Brucellosis incidences as observed through the approximate thirty-year climate

reference period, across the entire CLINF study region.
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Figure 2b. Average annual Brucellosis incidences as observed through the approximate thirty-year climate

reference period, across continental Europe.
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Figure 2c. Average annual Brucellosis incidences as observed through the approximate thirty-year climate

reference period, across Norway, Sweden, and Finland.
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Appendix B3. Cryptosporidiosis
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Figure 3. Average annual Cryptosporidiosis incidences as observed through the approximate thirty-year climate

reference period, across Norway, Sweden, and Finland.
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Appendix B4. Hantavirus Haemorrhagic Fever with Renal Syndrome (Puumala Fever)
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Figure 4a. Average annual Puumala incidences as observed through the approximate thirty-year climate

reference period, across the entire CLINF study region.
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Figure 4b. Average annual Puumala incidences as observed through the approximate thirty-year climate

reference period, across continental Europe.
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Figure 5c. Average annual Puumala incidences as observed through the approximate thirty-year climate

reference period, across Norway, Sweden, and Finland.
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Appendix B5. Leptospirosis
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Figure 5a. Average annual Leptospirosis incidences as observed through the approximate thirty-year climate

reference period, across the entire CLINF study region.
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Figure 5b. Average annual Leptospirosis incidences as observed through the approximate thirty-year climate

reference period, across continental Europe.
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Figure 5c. Average annual Leptospirosis incidences as observed through the approximate thirty-year climate
reference period, across Norway, Sweden, and Finland.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202505.2465.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2025 d0i:10.20944/preprints202505.2465.v1

33 of 47

Appendix B6. Q-Fever

hierfelder T. et al., 2019

Figure 6a. Average annual Q fever incidences as observed through the approximate thirty-year climate reference

period, across the entire CLINF study region.
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Figure 6b. Average annual Q fever incidences as observed through the approximate thirty-year climate reference

period, across continental Europe.
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Figure 6c. Average annual Q fever incidences as observed through the approximate thirty-year climate reference

period, across Norway, Sweden, and Finland.
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Appendix B7. Tick-Borne Encephalitis (TBE)
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Figure 7a. Average annual TBE incidences as observed through the approximate thirty-year climate reference

period, across the entire CLINF study region.
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Figure 7b. Average annual TBE incidences as observed through the approximate thirty-year climate reference

period, across continental Europe.
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Figure 7c. Average annual TBE incidences as observed through the approximate thirty-year climate reference

period, across Norway, Sweden, and Finland.
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Appendix BS. Tularaemia
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Figure 8a Average annual tularaemia incidences as observed through the approximate thirty-year climate

reference period, across the entire CLINF study region.
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Figure 8b. Average annual tularaemia incidences as observed through the approximate thirty-year climate

reference period, across continental Europe.
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Appendix C. General Information Regarding the Chosen Diseases, as
Quoted from ECDC: European Centre for Disease Prevention and
Control —www.ecdc.europa.eu

Appendix C1. Borreliosis

Borreliosis, also known as Lyme disease, is a tick-transmitted bacterial infection caused by
spirochetes Borrelia burgdorferi sensu lato. It is transmitted to humans by the bite of infected ticks,
and can be found mainly in Europe, North America, and temperate Asia. Neuroborreliosis is the main
complication, which may be found in approximately 10% of all infected cases. Although most of these
can be treated successfully, the infection may become severe if left untreated.

Ticks become infected when they feed on birds or mammals that carry the bacterium in their
blood. Usually, smaller mammals are preferred for the larvae and nymphs to feed on, while adult
ticks feed of larger mammals like deer. Optimal habitats are e.g. mixed woodlands, heathland, open
grassy meadows, and urban parklands. If and when these habitats expand towards the North with
climate change, there is a potential for borrelia to spread accordingly.

Appendix C2. Brucellosis

Brucellosis is a highly contagious zoonotic infection, transmitted to humans via contact with
fluids from infected animals (sheep, cattle, etc), or derived from food products such as unpasteurized
milk and cheese, and from undercooked meat. Brucellosis occurs worldwide, endemically in the
Mediterranean region, and is also known as undulant fever, Malta fever, and Mediterranean fever.
Brucella spp are small intracellular bacilli, and Brucellosis may hence be prevented via vaccination
of animals or by pasteurization of milk. The associated case mortality rates are probably less than 2%.

Appendix C3. Cryptosporidiosis

Cryptosporidiosis is a disease caused by the parasite Cryptosporidium. It lives in the intestines
of infected humans or animals, and may be found in soil, food, water, or at surfaces that have been
contaminated with the faeces from infected humans or animals. Cryptosporidium is a leading cause
of waterborne disease among humans in the United States, where approximately 30% of the adult
population are seropositive. Several community-wide outbreaks of cryptosporidiosis have been
linked to contaminated municipal drinking or recreational waters. Although patients normally
recover spontaneously from cryptosporidiosis, it may prove fatal for immunocompromised
individuals.

Appendix C4. Hantavirus Haemorrhagic Fever with Renal Syndrome (HFSR/NE)

HERS is a group of clinically similar illnesses caused by different species of hantaviruses from
the family Hantaviridae, in the order Bunyavirales. It is also known as Korean haemorrhagic fever
and epidemic haemorrhagic fever. The species that cause HFRS include Hantaan orthohantavirus,
Dobrava-Belgrade orthohantavirus, Saaremaa virus, Seoul orthohantavirus, Puumala
orthohantavirus and other orthohantaviruses. It is found in Europe, Asia, and Africa. Of these
species, Hantaan River virus and Dobrava-Belgrade virus cause the most severe form of the
syndrome and have the highest morbidity rates. When caused by the Puumala virus, it is also called
nephropathia epidemica (NE) with syndromes called Puumala fever. Hantaviruses are carried and
transmitted by rodents and occur by seasonal outbreaks. Humans are infected via aerosols of rodent
excreta, i. e. urine or saliva. In local languages, NE syndromes are known as “sorkfeber” in Swedish
and “myyrakuume” in Finnish (vole fever), whereas it is called “musepest” in Norwegian (mouse

plague).

Appendix C5. Leptospirosis
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Leptospirosis is a bacterial zoonotic infection caused by spirochetes that is distributed
worldwide, although with a stronghold in tropical climates. The organism infects mammals,
especially rodents, which shed the organism with their urine, and hence contaminate the
environment. Humans may be infected after exposure to soils or waters contaminated with urine —
rice-paddy and sugar cane workers are at particular risk. Human-to-human transmission is rare. The
classic form of severe leptospirosis, known as Weil’s disease, is characterised by liver damage
(causing jaundice), kidney failure and bleeding, which happens in 5 - 10% of infected cases. Lung and
brain damage can also occur. The case fatality-rate for leptospirosis is approximately 5 - 15% among
patients with severe illness but exceeds 50% among patients with severe pulmonary haemorrhagic
syndrome.

Appendix C6. Q Fever

Q fever (Query fever), caused by Coxiella burnetii, is a bacterial zoonosis with a wide clinical
spectrum that can be life-threatening and, in some cases, may become chronic. Most infections are
due to inhalation of aerosols or dust contaminated with dried birth fluids or excreta from infected
animals. Less frequent routes of infection include ingesting contaminated milk, tick bite, or fomite
transmission. Person-to-person and mother-to-fetus transmission has been reported. The most
common symptoms of acute Q fever are high fever, severe headache, myalgia, chills, and cough. It
may also be associated with pneumonia or hepatitis. In persons with a predisposition, the infection
may evolve to a chronic form (< 5% of cases) months or years after initial infection. Acute Q fever is
often a mild or self-limiting illness with a low case mortality rate, whereas untreated chronic Q fever
endocarditis or vascular infection often is fatal. In treated patients with chronic Q fever endocarditis,
the 10-year mortality rate is 19%. People in direct contact with animals during birthing, such as
veterinarians and farmers, may be at particular risk for infection. C. burnetii can survive for long
periods of time in the environment and may be carried long distances by wind. The bacterium has
been described as a potential bioterrorism agent.

Appendix C7. Tick-Born Encephalitis

Tick-borne encephalitis (TBE) is caused by an arbovirus of the Flaviviridae family (tick-borne
encephalitis virus, TBEV), transmitted principally by the bite of the Ixodes ricinus tick. The
symptomology is biphasic, with the initial phase being associated with a flu-like illness and the
second phase (occurring in less than 10% of patients) with symptoms of meningitis or, more rarely,
meningoencephalitis. Natural foci include most European countries and Asia, wherein less than 1%
of I. ricinus carry the TBEV. The case mortality rate is between 1 and 2%. Travellers involved in
outdoor activities in forested areas are at risk, including campers, hikers, and hunters. Brushing
against vegetation or walking in city parks known to have infected ticks can also put a person at risk.
Transmission season is typically from March to November. Approximately one-third of patients
develop severe symptoms after the first phase of the illness where the virus causes meningitis and/or
encephalitis. Some patients may experience long-term complications. The infection is effectively
impeded by vaccination, whereas treatment of an acute infection includes supportive care of
symptoms.

Appendix C8. Tularaemia

Tularaemia, also known as rabbit fever, is a zoonotic infection caused by the bacterium
Francisella tularensis. It is characterised by six major clinical presentations that may include fever,
skin ulcers, and enlarged lymph nodes. Occasionally, a form that results in pneumonia or a throat
infection occurs, that may evolve into severe systemic disease with neurological symptoms.
Untreated, tularaemia has a case mortality rate of 5 to 15 percent, which can be lowered to about 1%
by the usage of appropriate antibiotics. The bacterium is typically spread by ticks, deer flies, or
contact with infected animals such as rabbits and hares. It may also be spread by drinking
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contaminated water or breathing in contaminated dust. It doesn’t seem to spread directly between
humans. Tularaemia typically occurs by outbreaks that seems to correlate with the population
dynamics of its vector and reservoir organisms.

Tularaemia is most common in the Northern Hemisphere, including North America and parts
of Europe and Asia. Incidence rates are today less than 1 per one million in the United States and
approximately 1.9 cases per 100,000 persons in parts of northern Europe. Being a rather classic
Northern disease, it is classified as being reportable in all nations covered with this study. The
bacterium is considered to be a potential bioterrorism agent.
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